Abstract Introduction: The Middle East respiratory syndrome coronavirus (MERS-CoV) infection can cause transmission clusters and high mortality in hemodialysis facilities. We attempted to develop a riskprediction model to assess the early risk of MERS-CoV infection in dialysis patients.
INTRODUCTION
An important lesson was learned from the world's largest Middle East respiratory syndrome coronavirus (MERSCoV) outbreaks that occurred in Saudi Arabia and South Korea: that health care-associated infection is a major cause of rapid pathogen spread in health care settings with a high risk of cluster infections. In particular it was discovered that they spread rapidly in hemodialysis, inpatient, emergency, and intensive care facilities. [1] [2] [3] [4] [5] [6] Dialysis patients were associated with a high risk of mortality 6 compared to the national mortality estimates in the MERS-CoV population. 7, 8 Assiri et al. were able to track hospitals, units, rooms, beds, symptoms onset, and diagnoses status to map a large cluster of infections between April 1 and May 23, 2013. 1 According to the authors, the clusters developed in the hemodialysis facility, where 1 health careassociated infected patient who underwent long-term hemodialysis transmitted the virus to 7 dialysis patients and the transmission then continued to other hospital settings. 1 In a recent study, Assiri et al. reported a high likelihood of transmission in dialysis patients and health care workers within the outpatient dialysis facility. 6 Among 186 laboratory-confirmed MERS-CoV patients in South Korea, only 1 dialysis patient was identified, but no cluster viral transmissions were identified in other patients who utilized the same hemodialysis facility. 9 Park et al. developed a guideline to control cluster infections and prevent MERS outbreaks in hemodialysis facilities. 9 Earlier studies on dialysis patients focused on virus transmission and clinical outcomes, while limited by the small number of MERS cases. Our understanding of early diagnoses of MERS and identifying patients at high risk of infection is incomplete, 10 particularly in a hemodialysis facility. A MERS-CoV risk assessment tool is urgently needed to accurately identify dialysis patients at high risk of infection and apply infection control measures to prevent future cluster transmission in these patients and patients in other health care facilities.
Exploring an efficient screening system to detect MERS-CoV infection at an earlier stage may result in immediate isolation 11 and improve clinical outcomes and economic burdens. 12, 13 A valid risk-predictive model for MERS-CoV infection in dialysis patients may increase the likelihood of early virus detection. The authors attempt to develop an algorithm that combines demographic, clinical, radiological, and laboratory data to assess the early risk of MERS-CoV infection in dialysis patients who are suspected of having MERS-CoV infection and were 
METHODS
This two-center retrospective cohort study included 104 dialysis patients who were suspected of having MERSCoV, according to the Saudi Ministry of Health Guidelines, 14 and were diagnosed with rRT-PCR between September 2012 and June 2016 at King Fahd General Hospital in Jeddah (KFGH-JED) and King Abdulaziz Medical City in Riyadh (KAMC-R). These hospitals are the largest to provide health care in Saudi Arabia, and both hospitals experienced MERS outbreaks. 15, 16 The Institutional Review Board (IRB) approval was obtained from both hospitals: the Saudi Ministry of Health (IRB Log Number: 16-230E) and the Ministry of National Guard Health Affairs (Study Number: RC17/061), Riyadh Saudi Arabia. Inclusion criteria were dialysis patients aged 14 years or older and their clinical specimens that were diagnosed with rRT-PCR for MERS-CoV infection during the study period.
The case definition of Saudi Ministry of Health is used in all local health facilities as a guideline to classify patients with suspected MERS-CoV infection. A suspected case defined as a person with:
1. Acute respiratory illness and/or chest radiological findings of pneumonia, 2. Hospitalized with health care associated-pneumonia, 3. Upper or lower respiratory tract illness within 14 days after exposure to a confirmed/probable case of MERS-CoV infection, and 4. High fever (388C), headache, body aches, nausea/ vomiting, diarrhea, or with or without respiratory symptoms, leucopenia, and thrombocytopenia.
14 Data were abstracted into 15 potential predictors of MERS, including demographic data (age and gender); clinical presentations (fever, cough, short breath, chest pain, abdominal pain, diarrhea, vomiting, diabetes); radiology findings in chest (abnormal CT scan or x-ray); baseline laboratory measurements (number of white cells) (WBC) 109/L in the blood, blood platelet count 10 9 /L, alanine transaminase (ALT) U/L, and aspartate transaminase (AST) U/L). In order to evaluate whether MERS-CoV infection was associated with a decrease in WBC count, a cut-off of less than 4 (10 thrombocytopenia, 14 ALT greater than 55 (U/L) indicates elevated ALT, and AST greater than 34 (U/L) indicate elevated AST.
STATISTICAL ANALYSIS
Data were analyzed using STATA (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: StataCorp LLC). Overall sample summary and subgroup analysis were provided in Table 1 . P value of independent samples t test/chi-square test and unadjusted odds ratio (OR) were reported to test whether specific characteristics were associated with MERS-CoV infection in dialysis patients ( Table 1 ). The area under the curve (AUC) and 95% confidence interval (CI) were used to evaluate the accuracy of each predictor in identifying MERS-CoV infection ( Table 2) . We developed the MERS riskprediction model in dialysis patients using the stepwise logistic regression model. Fifteen potential predictors of MERS-CoV were evaluated at a 0.05. The goodness-offit of the final model was evaluated using the HosmerLemeshow test. A P value of greater than 5% (a > 0.05) indicates the model fit the data well. The discrimination of the model was evaluated by the receiver operator characteristic curve and was compared with the each of the most important predictors (Figure 1 ). The risk model was internally validated in 100 bootstrap samples drawn with replacement from the study sample (N 5 104). The model was presented in the form of the predictive probability of MERS-CoV infection in dialysis, which is a function of the important selected variables, refer to the supplement file. The Youden index was used to identify optimal probability cut-off value for the MERS risk stratification.
RESULTS
Of the 104 dialysis patients studied, 76% had respiratory symptoms, and 26.9% had gastrointestinal symptoms at presentation. The sample age was relatively older at 60.3 6 16.7 years and 72.1% were males (Table 1) . Among the samples, 48 (46.2%) were diagnosed by rRT-PCR as having MERS-CoV infection and 56 (53.8%) as having no MERS-CoV infection. MERS-CoV was associated with mortality in dialysis patients (39.3% in non-MERS-CoV vs. 91.7% in MERS-CoV, P 5 0.001). In the dialysis patients studied, MERS-CoV infection was not associated with age (P 5 0.503) or gender (P 5 0.544). However, MERS dialysis patients were more likely to have chest pain (OR 5 6.517; P 5 0.001), diabetes (OR 5 3.038; P 5 0.010), abnormal radiology findings (OR 5 3.467; P 5 0.007), and elevated AST (OR 5 5.193; P 5 0.022).
The AUC in Table 2 shows the predictors of MERS infections. It indicates that chest pain, diabetes, abnormal radiology findings, and elevated AST (AUC 0.60) were the most powerful predictors of discriminating MERS. When controlled for 15 potential predictors (Table 3) , the final risk-prediction model retained 3 independent variables (at a 0.05) that increased the risk of MERSCoV infection. MERS dialysis patients were more likely to have chest pain (OR 5 24.194; P 5 0.011), leukopenia (OR 5 6.080; P 5 0.049), and elevated AST (OR 5 11.179; P 5 0.013). According to the Hosmer-Lemeshow test, the adequacy of this prediction model was good (P 5 0.728). The model shows high potential for predicting MERS (AUC 5 76.99%; 95% CI: 67.05% to 86.38%). The prediction of the model had optimism-corrected bootstrap resampling AUC of 71.79%. Figure 1 shows that the riskprediction model improved the accuracy of risk classification as compared to the individual predictors. The predicted probability of MERS can be calculated by: [1 1 exp (2.362 -3.186 3 Chest pain -1.805 3 leukopenia -2.414 3 elevated AST)]
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. Table 4 presents cut-off values for risk probability.
DISCUSSION
This is the first study to develop a risk-prediction model in dialysis patients who screened for MERS-CoV infection by rRT-PCR. The study included data on 104 dialysis Stepwise selection significant at a 5 0.05. patients from 2 centers, KFGH-JED and KAMC-R. MERSCoV infection is common in dialysis patients, 1, 5, 6 and is associated with increased rapid spread, 1 which can be prevented through early detection, isolation, and monitoring individuals at risk. Subsequently, a predictive model was developed for MERS-CoV infection in hemodialysis facilities. The model shows promising accuracy in detecting high-risk dialysis patients with an AUC of 76.99%.
The model identified the 3 most important clinical and laboratory characteristics that could help in distinguishing MERS-CoV infection from other respiratory illnesses. Dialysis patients with chest pain were associated with a 24-times higher risk of MERS-CoV infection than dialysis patients without chest pain. Earlier studies reported that chest pain was one of the most common symptoms in the MERS-CoV population. 17, 18 In agreement with a matched case-control study, 19 we found no differences between MERS and non-MERS groups in regards to fever, shortness of breath, cough, and other gastrointestinal symptoms.
Dialysis patients with low WBC count or leukopenia was associated with a 6-times higher risk of MERS-CoV infection as compared to dialysis patients without leukopenia. This finding is in agreement with Saudi Ministry of Health Guidelines, as they developed a tool to identify and evaluate individuals for MERS-CoV infection, 14 and several other reports, 17, 20, 21 where the WBC was found to be lower in patients with MERS-CoV infection. Our findings support the matched case-control study 19 which showed that MERS-CoV patients are more likely to have leucopenia and transaminitis.
In concordance with earlier studies, 17, 19, 22 elevated AST was found to be a feature of MERS-CoV infection, where dialysis patients with elevated AST were associated with 11-times higher risk of MERS-CoV infection as compared with dialysis patients with no elevated AST. According to our risk-prediction model, ALT has poor predictive utility. This association was also described by Ajlan et al., 22 where normal ALT levels have been frequently encountered in MERS patients. A prospective study is needed to understand further the link between abnormal AST and MERS-CoV infection in dialysis patients.
The model with the 3 mentioned predictors can be useful in clinical decision to identify high-risk dialysis patients for further investigations and interventions. We presented a simple form of a probability prediction model to calculate the potential risk of infection. For instance, a randomly selected dialysis patient who presented with chest pain, leukopenia, and elevated AST has a probability of MERS of 0.994. Another case, a randomly selected dialysis patient who did not present with chest pain, leukopenia, or elevated AST has a probability of MERS of 0.086. The cut-off values of the probabilities that discriminate between the high-risk and low-risk MERS were provided in Table 4 . According to the Youden index, a cut-off value (P 0.439) produces sensitivity and specificity of 0.950 and 0.259, respectively was found optimal to identify high-risk MERS infection.
Diabetes and abnormal radiology were risk factors for MERS-CoV infection when we presented the unadjusted analysis. However, these 2 factors were not significant after adjustment for other confounding factors.
Several limitations should be reported that could influence the prediction of the risk model. The model needs to be validated in a prospective MERS-CoV investigation. The study included two of the largest hospitals in Saudi Arabia, yet the model may not be generalizable to dialysis patients in other hospitals. Although this study is the largest rRT-PCR study on dialysis patients who screened for MERS-CoV infection, yet it is limited by the small number of cases screened. The authors were not able to include many other potential confounding factors in the analysis because they were not available. We also acknowledge that the small number of dialysis patients and unequal distribution of MERS between hospitals limit our report.
Despite the limitations mentioned, the prediction ability of the model appears to be promising in clinical decision making to identify suspected dialysis patients with MERS-CoV infection at an early stage of the infection.
In summary, this risk-prediction model in dialysis patients appears to depend markedly on chest pain, leukopenia, and elevated AST. The model accurately predicts high-risk of MERS-CoV infection in dialysis patients. This could be clinically useful in applying timely intervention and control measures to prevent clusters of infections in dialysis facilities or other hospital settings. The predictive utility of the model warrants further validation in an external sample and a prospective study.
